80%. 2. A rapid method for the counting of alkaline, acidic and neutral aqueous solutions of up to lml. volume is described. Ethanol or 2-ethoxyethanol is used as blending agent. 3. The scintillation counting of alkaline solutions is applied to the accurate determination of the specific activity of 14C-labelled proteins from plant tissues. 4. Attention has been paid to the importance of a standardized washing procedure for the removal of all traces of radioactive material from glassware.
The use of radioactive materials in biological experiments has become indispensable for investigating many biochemical reactions. In the past qualitative determinations were sufficient but nowadays accurate quantitative measurements are possible.
Investigation of protein synthesis, especially by cell-free systems, often involves the measurement of very low activities of 14C-labelled material. Determination by scintillation counting is very sensitive, especially for non-aqueous material, when greater than 90% efficiency may be obtained.
For counting aqueous solutions, however, the efficiency is often drastically reduced. Several systems for the scintillation counting of aqueous solutions have been described, often involving the use of Hyamine salts to obtain a one-phase system, which give efficiencies of about 60% (e.g. Passmann, Radin & Cooper, 1956; Herberg, 1960; Brown & Badman, 1961) . A review of various solvents has been presented by Davidson (1958) , and use of some ofthese in aqueous systems has been reported: Bruno & Christian (1961) employed Cellosolve and Takahashi, Hattori & Maruo (1963) note a dioxan system for counting tritiated biological samples in aqueous solution. Suspension of precipitates on glass filter paper has also been used to advantage (Johnson & Smith, 1963) .
The use of the chloride salt of Hyamine has several advantages over the free base. However, its use is still complicated by its high viscosity, its quenching effect and especially in the large volumes required for blending after neutralization.
A search was therefore made for scintillation systems which were free from these disadvantages and yet maintained high counting efficiencies. Following the report of Robinson & Novelli (1962) that radioactive proteins could be dissolved in formic acid and counted in a scintillation mixture of toluene, 2,5-diphenyloxazole and 1,4-bis-(5-phenyloxazol-2-yl)benzene and containing ethanol as blender, it seemed of particular interest to investigate more fully the use of ethanol and 2-ethoxyethanol (Bruno & Christian, 1961) , rather than Hyamine lOX, as blenders for the high-efficiency counting of aqueous samples, especially radioactive proteins. The demonstration by Hayes, Ott, Kerr & Rogers (1955) that biphenylylphenyloxadiazole used as a primary solute in toluene gave a considerably higher pulse height than 2,5-diphenyloxazole suggested that its use in a scintillation mixture might well be advantageous. Scintillation mixtures which will maintain a one-phase system with both acidic and alkaline solutions of 14C-labelled material are described with ethanol and 2-ethoxyethanol as blenders. Routine measurements at efficiencies of more than 80% have been made on radioactive samples in Olml. of aqueous solution, and even for volumes of lml. efficiencies greater than 60% have been attained.
The high level of efficiency of counting for material dissolved in alkali has been successfully applied to the accurate determination of the specific activity of small amounts ofprotein labelled with low activities of 14C.
EXPERIMENTAL
ApJparatus. The (Francis, Mulligan & Wormall, 1959, p. 165) and in D.B. (Panax, 1960) . Amplification was at the maximum setting of x 1000. At this amplification setting, however, the system as set up did not satisfy at the same E.H.T. setting the two conditions, (1) labelled by the uptake of supplied radioactive amino acids, were prepared and washed by the method of Siekevitz (1952) . The ether-dried protein was dissolved in dilute sodium hydroxide or formic acid.
METHODS AND RESULTS
Standardization of the counting equilmnent. Liquid n-hexadecane of accurately known activity was used as supplied as an internal standard (Table 1) ; an efficiency of 91% was obtained for the NE 213 scintillator compared with 81% for the tolueneethanol scintillator (Table 1 ). Since day-by-day variation in counting efficiency is known to occur a check count was taken each day before counting samples. For this purpose the difference between the count on a Panax CR/14/28 sealed reference source and a Panax B/21 sealed reference background was noted. Over a period of 3 months our equipment gave 87-4+2-4% (24) of the quoted count rate.
Standard procedure for counting radioactive 8ample8. For all determinations a background count on the vessel containing the required amount of scintillator was taken. The sample was then added, thoroughly mixed with the scintillator, and the count rate determined almost immediately, unless it had been exposed to light or warmed.
When the sample count rate was low the time of counting was increased, as was also the time for the background count, to give a statistically significant figure.
Background counting rate and sample containers. A low background count rate is desira )le wl en counting samples of low activity as the I.,gher -he background count, the lower the total count/background count ratio, hence a higher probable error will occur (Francis et al. 1959, p. 217) . Therefore, for low background counts special glass counting vessels with ground-glass stoppers (Panax Ltd.) were employed. These were made from glass relatively free from natural radioactivity, and gave a mean background count of 148counts/min. (Table 2 ). Bottles (13ml.) with plastic caps have also been used with the same efficiency, but have higher background counts, varying between 186 and 245counts/min. The background count rates referred to here are all for the vessel plus 5ml. of scintillator.
Vol. 96 PPO (4) PPO (4) PPO (4) BPD (10) BPD (10) BPD (10) BPD (10) Secondary solute (g./l.) For aqueous sanples larger than 0-1 ml., extra common organic solvents. Acetone (0.5ml.) caused blender must be used to produce a one-phase a drop of 64%, chloroform (0-5ml.) a drop of 40%, system, and in consequence there is some decrease and ether (0-5ml.) caused a drop of only 1.8% in in efficiency ( 40  228  435  456  60  234  417  450   80  180  336  330  100  174  318  372  120  165  318  360  180  156  276  291  240  246  222 Light-induced 8cintillatiom. Light-induced scintillation has been noted by Davidson (1958) , and scintillations were found to occur as a result of exposure to light of both the counting vessels and the scintillator. The effects appeared to be approximately additive (Table 6 ) and the severity of induced scintillation was related to the intensity of the light. The effect of intense light on scintillator containing a radioactive sample was also studied. The induced scintillations fell off very rapidly at first, but after about 10min. the decrease was small and often obscured by variations in the count rate, and usually reached a steady state some 60min. polysaccharides (such as starch) are very readily soluble (Gregory & Cocking, 1965) and, especially in radioactive experiments involving green plant material, small amounts may have a high specific activity. Many proteins will dissolve in dilute alkaline solutions and in certain instances up to 0-5N-sodium hydroxide may be used. A 0-1 ml. sample is added to the toluene-ethanol or toluene-2-ethoxyethanol scintillator containing 0-1 ml. of formic acid, as previously described, and the mixture counted. A further portion, in the same pipette, is made to 1 ml. with water, or, if necessary, to 1 ml. with 0-5N-sodium hydroxide.
Protein was estimated by the method of Lowry, Rosebrough, Farr & Randall (1951) . A stable copper solution may be prepared by the addition of 1 g. of sodium D-tartrate in aqueous solution to an aqueous solution of 0-5g. of copper sulphate pentahydrate, adding lOml. of N-sodium hydroxide and finally making up to 100ml. Sodium citrate may be used instead of sodium D-tartrate (Eggstein & Kreutz, 1955) , in which case no sodium hydroxide is required to maintain a stable copper solution.
Very close agreement has been attained in colour production with solutions containing similar concentrations of bovine albumin, egg albumin and tomato-leaf protein prepared by trichloroacetic acid precipitation (Fig. 3) . The final strength of the sodium hydroxide in the protein solution will affect the colour production, but the effect is reproducible, and can be compared with a standard curve. Usually the final concentration is 0 1N-sodium hydroxide or less, and at this concentration there is only a small decrease in the colour produc- (Fig. 4) (Table 7) . In Several scintillation systems were developed labelled amino acid which gave high efficiencies for the counting of moles of this amino aqueous samples and which were much less seni can be accurately sitive to sample volume than the NE 213-Hyamine 3ounting efficiency is lOX system. Moreover, the counting efficiency was not so critically dependent on the volume of ethanol formic acid the pro-or 2-ethoxyethanol added to give a one-phase re, except that the system. Table 4 summarizes the relative merit of formic acid. The each of these systems, and it may be noted that spectrophotometric for small volumes (0.1 ml.) there is only a very th 5vol. of 412N-slight difference in efficiency between each system Dcken, 1964). Occa-used, and for such quantities individual preference gh ion concentration would dictate the system to be used. Ethanol is lition of the Folin readily available and is more pleasant to use than 2-ethoxyethanol, which has the disadvantage that it may form dangerous peroxides. For sample volumes greater than 0-5ml., however, 2-ethoxyethanol shows distinct advantages in that a smaller volume is required to maintain a one-phase system, and also in giving 10-20% higher efficiency than ethanol for such samples. (Siekevitz, 1952) . After the final etherwash the protein was dissolved in lml. ofO-5N-NaOH. A portion (OOlml.) ofthe alkaline protein solution was used for the determination of radioactivity by the procedure described in the text by adding it to 5 ml. oftolueneethanol scintillator containing Olml. of formic acid. A further portion (0O01ml.) was diluted to I Oml. and the protein content estimated colorimetrically. The presence of radioactivity in the constituent amino acids of the protein was confirmed by hydrolysis of the protein followed by chromatography and radioautography. also more expensive than 2,5-diphenyloxazole and for these reasons it is only really of advantage when the lowest activities are to be determined. Naphthalene has been recommended as an intermediate solvent (Kallmann & Furst, 1958) , and has in certain cases been observed to reduce quenching (Dobbs, 1963) . The addition of 8% naphthalene to the scintillation mixture was not found, however, to give any enhancement of efficiency in this instance (Table 1) , nor was there any reduction in the quenching observed when the sample volume was increased. Formic acid was found to be very convenient for acidifying samples without causing precipitation or a significant drop in counting efficiency. Alkaline solutions if not acidified give spurious counts and formic acid was therefore added when alkaline aqueous samples were to be counted.
The use of a routine counting procedure involving the determination of the background count rate before the addition of the radioactive sample to the counting vessel containing the scintillator allows very accurate counting of low activities. The standard washing procedure gives a very reliable removal of radioactivity from the glassware, there being no carry-over from one experiment to the next, and thus the background count rate remains virtually constant for all counting vessels.
The Panax scintillation counter used incorporated a single photomultiplier tube which was specially selected for low thermal noise. The thermal noise was further decreased by maintaining the counting 'castle' in a refrigerator at 1-4°. For the accurate determination of the specific activity of labelled proteins dissolved in alkali the investigation of the counting of alkaline samples at high efficiency was coupled with an investigation of the effect of the concentration of alkali on the sensitivity of the Lowry colorimetric method for the estimation of proteins. The use ofportions ofthis alkaline solution for the determination of radioactivity and for the estimation of protein has provided an accurate method for the determination of low specific activities.
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